
Beyond the Standard Model Higgs 
Theories for Beyond the Standard 

Model Higgs Couplings
Spencer Chang

University of Oregon
Santa Fe 2012 Workshop



Motivation
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2012 LHC analyses have confirmed 
excesses of 2011
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Higgsteria

Edited from: Saturday Morning Breakfast Cereal

HAVE FOUND 
THE HIGGS?

HAVE FOUND 
THE HIGGS?
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We’ve discovered something
that looks like the Higgs, but is

it a standard Higgs?

Post-discovery, emphasis is on
coupling measurements

Question:  What are theory
implications of coupling measurements?
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Two directions:

I)  Couplings to down-type fermions 
suppressed?
In 1206.1058 (w/ Azatov, Craig, Galloway), 
we find this disfavors minimal SUSY

II) Coupling to gauge bosons enhanced?
In 1207.0493 (w/ Newby, Raj, Wanotayaroj), 
we explore extended Higgs sectors that 
allow this
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Coupling notations

a ≡ ghWW

gSM
hWW

cX ≡ ghX̄X

gSM
hX̄X

Theorist conventions
for gauge coupling

Fermion couplings

Normalized to 1 for SM value



Fits to recent data
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1207.1693 Ellis, You

Comparison of experiment and theory

CMS 2012 FitFigure 1: The constraints on the couplings (a, c) of the Higgs candidate h with mass ∼
125 GeV obtained from our global analysis of the available CMS, ATLAS, CDF and D0
data. The Standard Model is represented by a black star, and the yellow lines represent
various composite Higgs models described in the text, which are disfavoured if they deviate
strongly from the Standard Model.

Figures 1, 2, 3 and 4 display our main results. They quantify the extent to which the h

particle walks like a Higgs and quacks like a Higgs.

Fig. 1 shows the result in the (a, c) plane of our global fit to data on the h couplings from

the Tevatron experiments and from the combined 7 and 8-TeV event samples of ATLAS

and CMS. We see good consistency with the Standard Model prediction, though the best fit

corresponds slightly to a > 1 and c < 1, as seen also in the marginalized one-dimensional

likelihoods of our fit result projected on the a and c axes shown in Fig 2. On the other

hand, the region with c < 0 that was marginally favoured in our previous analysis [21]

is now somewhat disfavoured. As we discuss in more detail below, Figs. 1 and 2 impose

important constraints on composite Higgs models, disfavouring several such models unless

their predictions resemble those of the Standard Model.

Fig. 3 displays the result of our global fit in the (ε,M) plane, where we see excellent

consistency with the Higgs hypothesis: M = v, ε = 0. This is also seen in Fig. 4, which

displays the marginalized one-dimensional likelihood projections of our fit result on the M

and ε axes. The couplings of the h particle are clearly inconsistent with any mass-independent
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Suppressed down-type fermion 
couplings (1206.1058)
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Fermion couplings indirectly constrained now

Top:  through rate for gluon fusion (tth is 
starting to be analyzed)

Bottom/tau:  through effects on other 
branching ratios (h → bb, ττ search becoming 
more important)



Our fit to CMS 2011
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2

important impact on various SUSY scenarios. As has
been noted in recent literature, the likelihoods of the
hinted state near 125 GeV viewed in the space spanned
by (sinα, tanβ) are concentrated around the decoupling
limit (cf. [? ]) where α → β−π/2 and all couplings take
their SM values. Using current CMS results [? ] which
provide data in fully exclusive modes, we demonstrate
this in Fig. ?? using best fit information and following the
statistical method of [? ]; alternative statistical methods
yield consistent results [? ? ]. We note, however, that
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FIG. 2: Likelihoods drawn from Higgs searches at CMS.
All search channels are combined in the fit, and the Higgs
mass is chosen to correspond to the current observed peak at
125GeV. We assume that the Higgs decays only into Stan-
dard Model final states and that there are no new loop con-
tributions to Higgs couplings. The peak of the likelihood is
very close to the decoupling limit line.

slight deviations from the decoupling line of Fig. ?? can
amount to significant changes in the Yukawas; further-
more, flat priors in this space give inequitable treatment
of vu and vd. Examining the space of the Yukawas is
therefore important in its own right.

The preference for the decoupling limit can be more
clearly understood by examining the likelihood in the
couplings (a, cb, ct). In Fig. ??, the preference for the
decoupling limit is seen to arise due to a preference for
SM-like gauge coupling, with likelihoods at a ∼ 1 greater
by a factor $ 5 than those at a < 0.5. Such a preference
is dominated by the significant excess that is currently
reported in the γγ final state [? ]. This, however, is at
odds with the WW/ZZ channels which prefer suppres-
sion compared to SM. Because the combined data prefer
the gauge coupling to be as large as possible, the decou-
pling limit is however optimal unless additional contri-
butions to the h → γγ width are included.

Also worth noting in Fig. ?? is that the likelihood
peaks near the SM point, but that there exists a shal-
low direction into the down-suppressed region of Fig. ??.
This stems from the fact that the model-independent best
fit point in γγ occurs at a = 1.35, cb = 1.1, ct = 0.65

mh ! 125 GeV
68, 80" CL
0.5 # a # 1
0 # a $ 0.5

I

II
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FIG. 3: Likelihoods constructed in the three-dimensional
space of gauge and Yukawa couplings of the Higgs. The yel-
low (gray) plotted region corresponds to projecting a > 0.5
(a < 0.5) and thus approximately to the individual prefer-
ences seen in h → γγ (V V ). For tanβ > 1, the MSSM is
generally constrained to region I (cf. Fig ??).

a values Up Supp. Down Supp. (ĉt, ĉb)

0 ≤ a < 0.2 0% 100% (2.2, 0.2)

0.2 ≤ a < 0.4 0% 100% (1.0, 0.3)

0.4 ≤ a < 0.6 0% 100% (1.0, 0.55)

0.6 ≤ a < 0.8 34.4% 65.6% (1.0, 0.81)

0.8 ≤ a ≤ 1 89.5% 10.5% (0.82, 1.0)

TABLE I: Populations and best fit points (ĉt, ĉb) for up and
down suppressed regions in the positive quadrant for five
ranges of gauge coupling. Populations are defined by requir-
ing the likelihood of points included in the count to satisfy
Pi ≥ P̂ /5, with P̂ the peak likelihood in the specified region.

while the likelihoods for the V V channels peak near a =
0.4 with top couplings substantially enhanced. The latter
is easily understood noting that the WW +2j channel—
that most sensitive to a—observes a large deficit, while
the remaining V V channels are essentially SM-like; ac-
commodating these remaining V V channels thus requires
ct > 1 in order to enhance their (inclusive) production
and compensate for reduced branching. These points are
further detailed by the population counts and best fit
points shown in Table ??. From this we conclude that if
there are observable deviations in the fermion couplings
from their SM values, the data are now hinting that it
will be in the down suppressed region. As we will discuss
in the next section, this causes tension in the MSSM,
which preferentially populates the up-suppressed region
when tanβ > 1.

VBF γγ preferred 
large a

WW, ZZ channels
preferred smaller a, cb

and larger ct

Sensitive to what data is used: e.g. Tevatron, LHC 2012



Lack of down-type events
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So far, down-type 
decays have no 
large excesses

Suggestive, but 
need more data



SUSY implications
Type II Two Higgs Doublet Model
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a ≡ ghV V

gSMhV V

= sin(β − α),

ct ≡
ghtt̄
gSMhtt̄

=
cosα

sinβ
, cb ≡

ghbb̄
gSM
hbb̄

= − sinα

cosβ
,

Early Higgs Hints for Non-Minimal Supersymmetry

Aleksandr Azatov∗, Spencer Chang†, Nathaniel Craig‡, Jamison Galloway∗
∗Dipartimento di Fisica, Università di Roma “La Sapienza”

and INFN Sezione di Roma, I-00185 Rome
†Department of Physics, University of Oregon, Eugene, OR 97403 and

‡Department of Physics, Rutgers University Piscataway, NJ 08854
and School of Natural Sciences, Institute for Advanced Study Princeton, NJ 08540

We discuss the role that Higgs coupling measurements can play in differentiating supersymmetric
extensions of the Standard Model. Fitting current LHC data to the Higgs couplings, we find that the
likelihood fit is consistent with Standard Model values, but has a shallow gradient in the direction
of suppressed (enhanced) bottom (top) quark couplings. In the minimal supersymmetric Standard
Model, we demonstrate that for tanβ > 1, there is tension in achieving such fermion couplings
due to the structure of the Higgs quartic couplings. In anticipation of interpreting supersymmetric
models with future data, we determine a single straightforward condition required to access this
region of coupling space, which current data allow and may favor with increased statistics.

I. INTRODUCTION

The LHC is poised to discover the mechanism of elec-
troweak symmetry breaking, with hints of a new Higgs-
like state near 125 GeV [? ? ]. Should this new state
prove to be an elementary scalar, supersymmetry (SUSY)
remains the principal candidate for stabilizing the elec-
troweak hierarchy. However, the minimal supersymmet-
ric Standard Model (MSSM) is somewhat strained to ex-
plain a Higgs at 125 GeV, requiring significant enhance-
ment of the tree-level Higgs mass that is in tension with
naturalness. Here, we emphasize that the structure of the
MSSM also tightly constrains the possible tree-level cou-
plings of the Higgs. If the production and decay modes
of the Higgs deviate from Standard Model predictions, it
would not only be an indication of new physics, but may
also decisively favor or disfavor the MSSM well before
other states are discovered. To this end, the measure-
ment of Higgs couplings provide a sensitive and immedi-
ate probe of physics above the weak scale.

In this work we perform a model-independent fit of
Higgs couplings using current LHC data, focusing on im-
plications for theories with two Higgs doublets. We find
that the MSSM is facing tension with certain elements of
the data. At issue is the structure of its quartic Higgs po-
tential, leading to a generic preference for enhanced cou-
pling to down-type fermions. Indeed, the tree-level po-
tential mandates such enhancement whenever tanβ > 1
and we find even at loop-level that achieving significant
suppression is atypical. By analyzing the quartic terms
in full generality, we show that this conclusion can be
avoided and pinpoint parameter space for the MSSM and
simple alternatives to accommodate suppressed couplings
to down-type fermions.

II. STATUS OF HIGGS MEASUREMENTS

We begin by establishing the relevant conventions for a
type-II two Higgs doublet model (2HDM) like the MSSM.

The mass eigenstates of the neutral CP-even states are
(
h0

H0

)
=

√
2

(
− sinα cosα
cosα sinα

)(
ReH0

d
ReH0

u

)
, (1)

with mixing angle α ∈ [−π/2,π/2]. The couplings of the
light eigenstate h0 to SM fields are then given by

a ≡ ghV V

gSMhV V

= sin(β − α), (2)

ct ≡
ghtt̄
gSMhtt̄

=
cosα

sinβ
, cb ≡

ghbb̄
gSM
hbb̄

= − sinα

cosβ
, (3)

which we will refer to as the gauge coupling, and the up
and down-type Yukawa couplings, respectively. A full
discussion can be found for instance in [? ]. Thus the
2HDM has access to two distinct regions in the positive
quadrant of Yukawa couplings, as illustrated in Fig. ??.

''Up!Suppressed''

''Down!Suppressed''

Shaded:

General

tan Β # 1
tan Β # 2.5
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Yukawa Couplings: General Type!II 2HDM

FIG. 1: The two regions accessible in a generic type-II 2HDM.
Down-type couplings are enhanced when up-type are sup-
pressed and vice versa. For the MSSM and simple extensions,
the lower region is largely inaccessible when tanβ > 1.

We now discuss the current experimental status of
these Higgs couplings, which we will show can have an

General mixing angles
allow suppressed

down-type couplings



Our Approach
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Analyze general two Higgs doublet model

Determine a condition to get down-type 
couplings suppressed, assuming tan β > 1

Apply to SUSY scenarios

Upshot:  coupling measurements constrain 
SUSY models much like Higgs mass



Potential
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V = λ1

∣∣H0
u

∣∣4 + λ2

∣∣H0
d

∣∣4 − 2λ3

∣∣H0
u

∣∣2 ∣∣H0
d

∣∣2

+
[
λ4

∣∣H0
u

∣∣2 H0
uH0

d + λ5

∣∣H0
d

∣∣2 H0
uH0

d + c.c.
]

Most general quartics for neutral Higgses in 2HDM
(sorry for nonstandard notation)

Condition for down-type suppression

| sinα| < | cos β|

We find a single required condition on quartics 



Condition
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λ1 sin2 β − λ2 cos2 β − cos(2β)λ3

+
sin 3β
2 cos β

λ4 +
cos 3β

2 sinβ
λ5 < 0

For MSSM, λ1 = λ2 = λ3 > 0, so cannot be 
satisfied for tan β > 1  

Radiative corrections only help in 
αeff scenario (Carena et.al.)



For nonminimal SUSY
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NMSSM with large λ SHuHd helps condition 
(see for e.g. Hall et.al.)

Nondecoupling D-terms that maintain
D-flat direction do not work

We’re currently looking into SUSY + Technicolor

Conclusion:  Future analyses of bb, ττ can rule
out minimal SUSY



Enhanced couplings to 
WW/ZZ (1207.0493)
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Higgs coupling fits are model-independent, 
allowing all values of a, c

Enhanced gauge couplings are constrained 
theoretically (requires doubly-charged Higgs)

Looked at consistent theories (Georgi-
Machacek) and their phenomenology

Figure 1: The constraints on the couplings (a, c) of the Higgs candidate h with mass ∼
125 GeV obtained from our global analysis of the available CMS, ATLAS, CDF and D0
data. The Standard Model is represented by a black star, and the yellow lines represent
various composite Higgs models described in the text, which are disfavoured if they deviate
strongly from the Standard Model.

Figures 1, 2, 3 and 4 display our main results. They quantify the extent to which the h

particle walks like a Higgs and quacks like a Higgs.

Fig. 1 shows the result in the (a, c) plane of our global fit to data on the h couplings from

the Tevatron experiments and from the combined 7 and 8-TeV event samples of ATLAS

and CMS. We see good consistency with the Standard Model prediction, though the best fit

corresponds slightly to a > 1 and c < 1, as seen also in the marginalized one-dimensional

likelihoods of our fit result projected on the a and c axes shown in Fig 2. On the other

hand, the region with c < 0 that was marginally favoured in our previous analysis [21]

is now somewhat disfavoured. As we discuss in more detail below, Figs. 1 and 2 impose

important constraints on composite Higgs models, disfavouring several such models unless

their predictions resemble those of the Standard Model.

Fig. 3 displays the result of our global fit in the (ε,M) plane, where we see excellent

consistency with the Higgs hypothesis: M = v, ε = 0. This is also seen in Fig. 4, which

displays the marginalized one-dimensional likelihood projections of our fit result on the M

and ε axes. The couplings of the h particle are clearly inconsistent with any mass-independent

2
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γ, Z

W+
L W+

L →W+
L W+

L

h

h++

∑

i

a2
hiWW = 1

Requirement of doubly-charged Higgs shown by
Low, Rattazzi, Vichi and Falkowski, Rychkov, Urbano

Can be shown by unitarity

Unitarized if



Doubly-charged Higgs
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h

h++

−a2
h−−W+W+ +

∑

i

a2
hiWW = 1

Doubly-charged Higgs
allows enhanced a

s-channel constructively
interferes with SM

amplitude



Georgi-Machacek Model
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Model with large breaking allowed by triplets

φ =
(

φ0∗ φ+

φ− φ0

)
, χ =




χ0 ξ+ χ++

χ− ξ0 χ+

χ−− ξ− χ0∗





Transform as (2, 2̄), (3, 3̄) : SU(2)L × SU(2)R

Diagonal vevs break to 
custodial SU(2), allow large 

triplet vev contribution
< φ0 >=

v cos θH√
2



Spectrum     (see Gunion, Vega, Wudka)
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Under custodial SU(2), Higgs states consist of

Neutral singlets H1, H
′
1

Triplets
(
H−

3 , H0
3 , H+

3

)

Quintuplet
(
H−−

5 , H−
5 , H0

5 , H+
5 , H++

5

)

Doubly charged Higgs in H5

aH1 = cos θH , aH′
1

=
√

8/3 sin θH



h2 couplings
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3

III. HIGGS PHENOMENOLOGY

In this section, we consider the phenomenological con-
sequences of the GM model and its generalization, fo-
cusing on the SU(2)C singlets, deferring to the next sec-
tion a discussion of the nontrivial SU(2)C multiplets. In
terms of the model-independent Higgs couplings (a, c),
the GM model is an important phenomenological frame-
work because it extends the theoretically allowed param-
eter space. In general, H1, H

′

1 can mix, leading to mass
eigenstates

h1 = cosαH1 + sinαH
′

1, (6)

h2 = − sinαH1 + cosαH
′

1.

From this mixing angle, it is easy to determine the cou-
plings for h1, h2, which we denote by a1,2, c1,2. Due to the
current Higgs excesses and for illustration we will take h1

to be the Higgs hinted at in the data, fixing its mass to
125 GeV and assuming its couplings will be measured
with future data. One can show that the physically al-
lowed parameter space for this eigenstate is |a1| ≤

√
8/3,

while the GM generalization will raise the allowed range
to |a1| ≤

√
4j(j + 1)/3.

Fitting to the couplings for the first mass eigenstate
(a1, c1) uniquely determines the couplings for the other
eigenstate. In Fig. 1, the absolute values of the couplings
a2, c2 are shown for the GM model. We take the absolute
values for the figure presentation due to discontinuous
flips of signs across the parameter space. The relative
sign of a2, c2 is important in determining h2’s decay to
photons and we find that there is a relative minus sign
between a2, c2 only in the upper right portion of the plots
(for values c1 > 1/a1), giving a constructive interference
that enhances the photon decay. On these figures, we
plot constraints on sin2 θH due to modifications to the
Z → b̄b decay from loops involving H3, which for the GM
model and its generalization are sin2 θH ≤ 0.33 (0.73) for
mH3 = 200 (1000) GeV [20]. This constraint is plotted
in Fig. 1, excluding the right side of the plots and is
shown by the shaded contours in tan and gray for the two
H3 masses. From the figure, one notices an interesting
asymmetry between a2, c2, where c2 tends to increase in
magnitude as one goes to larger a1, whereas a2 has the
opposite trend.

The recent model-independent fits to (a1, c1) per-
formed by a series of papers [4–8] have shown that there
are certain aspects of the Higgs analyses which prefer a1
values larger than 1. The discussion in [7] is particularly
useful for interpreting which Higgs channels are impor-
tant for the data’s preference in (a1, c1). As shown in
[7], both the CMS and ATLAS photon channels prefer
a1 > 1. Specifically, the CMS data prefers a region with
suppressed c1 (! 0.5) and larger a1 (∼ 1.2), while the
ATLAS data prefers an even more suppressed c1 (∼ 0)
and enhanced a1 (∼ 1.5). However, both the ATLAS and
CMS analyses for the Higgs decay toWW ∗ constrain this
fermiophobic preference since there are no pronounced

excesses. Combining all of the channels, Ref. [7] finds
that CMS has two preferred regions, one surrounding the
Standard Model point with a slight preference towards
enhanced a1 and suppressed c1 and one around (a1, c1) ∼
(0.8,−0.7); the ATLAS combination also shows a pref-
erence for the negative c1 region, with a tail that ex-
tends to the fermiophobic point (a1, c1) ∼ (1.4, 0). Thus,
the LHC data is highlighting three interesting regions:
i) near the SM values but with slight enhanced a1 and
suppressed c1 around (a1, c1) = (1.1, 0.8), ii) a flipped
region where c1 is near −1 and a1 slightly suppressed
around (a1, c1) = (0.8,−0.7), and iii) a fermiophobic re-
gion with enhanced a1 around (a1, c1) = (1.4, 0).

A complication that will be discussed in the next sec-
tion is that most of the mentioned model-independent
fits to Higgs couplings assume only couplings to Stan-
dard Model particles. In particular, the Higgs decay to
photons is calculated from loop diagrams with the top
quark and W boson. In the GM model and its gener-
alizations there are additional loop diagrams due to the
additional scalar content. These must be taken into ac-
count to determine the best fit (a1, c1) couplings. For
now, we put aside this uncertainty, deferring details to
the next section where we discuss the effects of these
loops.

1
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c
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GM Model: !a2! "Red#, !c2! "Blue#

FIG. 1: Absolute value of couplings a2, c2 for Georgi-
Machacek model as a function of the effective Higgs couplings
for the h1 mass eigenstate (a1, c1). The black dot shows the
Standard Model values. The contours are (Red, Dot-Dashed)
for a2 and (Blue, Dashed) for c2. The shaded contours show
the excluded region from the correction to Z → b̄b, shown
from left to right for mH3 = 200, 1000 GeV [20].

As can be seen in Fig. 1, the GM model is able to
populate a large region of the (a1, c1) parameter space
considered in these fits. The limit from Z → b̄b cuts
off the large a1 region, but as will be shown later, the
generalizations for the GM model help to alleviate that

Singlets mix leading to two
mass eigenstates

h1 is taken to be Higgs
that has been discovered

with couplings a1, c1 

This fixes h2 couplings

Constraints on Z → bb shown in tan and gray (Haber, Logan)
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R =
σ(pp→ h2)

σ(pp→ hSM )
× Br(h2 →WW )

Br(hSM →WW )

Near negative c point:  
couplings are strong enough
to push h2 above SM Higgs
searches of 600 GeV

Near SM point: suppressed
couplings, can be searched 
for in regions where SM 
Higgs is ruled out

h2 Pheno

In parts of parameter space, h2 cascade decays to tops 
or h1 pairs can also be important!

!a1, c1" ! !1.4, 0"

!a1, c1" ! !0.8, "0.7"
!a1, c1" ! !1.1, 0.8"

ATLAS WW#ZZ Limit

200 400 600 800 1000
0.0
0.5
1.0
1.5
2.0
2.5
3.0

mh2 !GeV"

R



h1 → γγ
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FIG. 7: Two example plots of the loop effects on the h1 decay to photons, taking into account only the H3, H5 effects from
the quartics λ4,λ5 in the potential. The plotted contours are the branching ratio to photons with these effects accounted for
divided by the branching ratio considering just the a1, c1 couplings. The blacked out region is where mH5 ≤ 100 GeV.

Zphilic Higgs [31], without large custodial SU(2) viola-
tion. In this scenario, the five-plet is the only viable op-
tion, since the three-plet does not couple to gauge bosons
(due to its CP properties) and higher multiplets can-
not couple to two gauge bosons (if SU(2)C is preserved).
Thus, in these theories, a Zphilic Higgs predicts both a
doubly-charged and singly-charged Higgs with mass near
125 GeV.

Finally, these additional Higgses have an important ef-
fect on the SU(2)C singlet phenomenology. As discussed
recently in [32, 33], loop effects of the charged scalars will
induce corrections to the H1, H ′

1 width into photons. In
the GMmodel, the charged scalars inH5, H3 tend to have
contributions with the same sign as the top quark; hence,
these effects tend to cancel against the W+ loop, lead-
ing to a smaller decay rate into photons. In particular,
the couplings in Eq. (A3) tend to destructively interfere
when the λ couplings are positive. To illustrate this ef-
fect cleanly, we consider the loop diagrams of the charged
scalars H3, H5 that are proportional to λ4,λ5, the quar-
tic couplings responsible for their mass, see Eq. (A2).
The lefthand plot in Fig. 7 is an example of the modifi-
cation to the h1 diphoton branching ratio, where λ4,λ5

are both positive, demonstrating the destructive inter-
ference. It is also possible to have negative λ’s to get
constructive interference, but typically this makes the
scalars lighter and risks some of the scalars getting tachy-
onic masses. This can be seen in the righthand plot in
Fig. 7, where λ5 = −0.8λ4 and the black region shows
where mH5 ≤ 100 GeV. Both these plots show that to
maintain the same branching ratio to photons, it is usu-
ally necessary to go to larger a1 and smaller c1 values.

In generalizations to the GM model, the higher charges
of the additional Higgs states can exacerbate the inter-

ference, unless one goes to a large enough representa-
tion where the entire sign of the amplitude to photons is
flipped. However, interestingly, Eq. (A4) shows that for
larger representations of χ, the contribution of λ5 to the
mass of the largest SU(2)C multiplet is reduced relative
to λ4. However, from Eq. (A5), one sees that λ5’s con-
tribution to the H ′

1 coupling to this state is not reduced.
Thus, it is easier to have negative λ5 in the generaliza-
tions to reduce the destructive interference, while avoid-
ing tachyonic masses for scalars. To summarize, these
loop contributions are an important effect that compli-
cates the interpretation of the model-independent fits
which for the most part include only the top and W loop
(however, see [7]). As an aside, we note that in a particu-
lar Higgs decay channel it is possible with enough statis-
tics to infer the ratio of a1/c1 by looking at the rate of
gluon fusion versus vector boson fusion. Some combined
fit will eventually be able to determine the Higgs cou-
plings to fermions, gauge bosons, and any new diagrams
inducing decays to photons, which will help pin down
these coupling uncertainties in these models.

V. CONCLUSION

In light of future LHC Higgs searches, we have revis-
ited theories where the Higgs can have enhanced cou-
plings to electroweak gauge bosons. In particular, we
reexamined the Georgi-Machacek model and its general-
izations where higher “spin” representations of SU(2)L
break electroweak symmetry while maintaining custodial
SU(2). These theories widen the allowed couplings for
the Higgs, serving as a consistent theoretical and exper-

Coupling extraction
complicated by 

charged Higgses
contribution to diphoton

Typically destructive
interference as shown

in left plot

Just out last night, 1207.1718 also looked at GM model & fits
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H++ can be searched for in single
production through WW fusion

and its decays back to same-sign leptons 
(see Chiang et.al. 1202.2014)

With complicated Higgs sector, it is possible 
to have W/Z cascades as well as decays into 

pairs of lighter Higgs particles
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Is it a standard or nonstandard Higgs?
Couplings can tell us a lot!

Peter Ware Higgs Daniel Arcus Incus 
Ululat Higgs
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Conclusions
Post-discovery, need to understand Higgs

Early days, but worth anticipating implications 
of certain Higgs couplings

Current data suggests nonstandard behavior 
with strong theoretical implications

Expect ~ 15-20 fb-1 more data, which will be very 
interesting! 



Thanks!
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